Background {#Sec1}
==========

Approximately 25,000 Koreans experience out-of-hospital cardiac arrest (OHCA) each year \[[@CR1]\]. OHCA is a leading cause of death in high-to-middle income countries \[[@CR2]\]. Despite improvements in resuscitation and postcardiac arrest care, the rates of mortality and permanent brain damage in OHCA patients remain high \[[@CR3], [@CR4]\].

One meta-analysis demonstrated that diabetes mellitus (DM) is associated with lower survival to discharge and poor neurologic outcome in OHCA patients \[[@CR5]\]. DM, a heterogeneous condition characterized by abnormal insulin control, can lead to both microvascular and macrovascular diseases via multiple pathways and is associated with a set of well-known risk factors for OHCA, such as atherosclerotic coronary heart disease \[[@CR6]\]. Additionally, elevated blood glucose levels after the return of spontaneous circulation (ROSC) correlate with worse outcomes following OHCA \[[@CR7], [@CR8]\]. However, the relationships between the glucose level and outcomes after cardiac arrest remain debatable \[[@CR9]\].

The level of glycated hemoglobin (HbA1c) reflects the long-term glycemic status over the preceding 4--12 weeks \[[@CR10]--[@CR12]\]. HbA1c is increasingly used in clinical practice because of the test's convenience and reliability. It has been found to be more predictive of cardiovascular disease complications than single, time-sensitive glucose levels in patients with and without DM \[[@CR13]\]. Patients with elevated HbA1c tend to suffer from early neurological deterioration or new ischemic lesions after acute ischemic stroke \[[@CR14], [@CR15]\]. Meanwhile, hypothermia alters glucose homeostasis, interfering with glucose control and insulin therapy \[[@CR16]\]. Moreover, increased glycemic variability after cardiac arrest is associated with a poor outcome \[[@CR7], [@CR17]\]. It can be assumed that maintaining glycemic control in patients undergoing hypothermic targeted temperature management (TTM) will be challenging in those with poor baseline glycemic control. However, few studies have investigated the association of long-term glycemic status, as reflected by the HbA1c level, with outcomes in OHCA patients. The purpose of the current study was to investigate the association between HbA1c at the time of admission and 6-month survival and neurological outcomes after OHCA treated with hypothermic TTM.

Methods {#Sec2}
=======

Study design and setting {#Sec3}
------------------------

This study was approved by the Institutional Review Board of the Catholic University of Korea (UC20RISI0091). The need to obtain informed consent was waived because of the retrospective nature of the study. This retrospective observational cohort study was performed in a single center, Uijeongbu St. Mary's Hospital, Catholic University of Korea, which is a regional emergency medical center and regional trauma center. The annual emergency department volume is approximately 80,000 visits, providing postcardiac arrest care with hypothermic TTM to more than 45 patients annually.

Population {#Sec4}
----------

Postcardiac arrest (PCAS) patients who had undergone hypothermic TTM were included. Adults (≥18 years old) who maintained ROSC for longer than 20 min were eligible for hypothermic TTM. Patients who did not receive hypothermic TTM and those for whom blood HbA1c levels at admission were not available were excluded from the analysis. Patients did not receive hypothermic TTM for the following reasons: recovery of consciousness after ROSC; past history of irreparable brain damage (cerebral performance categories (CPC) scale 3--4); suspected hemorrhagic shock; suspected intracranial hemorrhage; known terminal illness; and refusal of the patient's family.

Measures {#Sec5}
--------

The primary outcome was 6-month mortality, while the secondary outcome was the 6-month neurological outcome. Good neurological outcomes were defined as CPC scores of 1--2, while poor neurological outcomes were defined as CPC scores of 3--5. Patient demographics and cardiac arrest variables were collected according to the Utstein style guidelines \[[@CR18]\]. We recorded the following baseline clinical data: age, sex, previous medical history (e.g., acute myocardial infarction, previous cardiac arrest, angina, congestive heart failure, hypertension (HTN), DM, lung disease, cerebrovascular accident (CVA), renal disease, liver cirrhosis, malignancy), initial cardiac arrest rhythm (shockable or nonshockable), presence of a witness, bystander cardiopulmonary resuscitation (CPR), and time from collapse to ROSC (anoxic time). We also recorded the following glucose-related variables: HbA1c at admission, initial glucose level, and glucose level variability within 48 h after ROSC. Blood samples for the determination of HbA1c and initial glucose levels were collected immediately after ROSC. Blood sugar tests were performed every hour until 48 h after ROSC. Glucose level variability was calculated as the largest difference between minimum and maximum values during the first 48 h after ROSC (Δ glucose). We collected medical data from the medical database. We obtained the survival time from the National Health Insurance Service database. We obtained the neurologic status of the patients by directly calling the patient's caregiver 6 months after ROSC. We determined an optimal HbA1c cutoff of 6% for predicting 6-month mortality and the neurologic outcome. The guidelines recommend an HbA1c ≥6.5% to diagnose diabetes and an HbA1c between 5.7 and 6.4% for identifying prediabetes \[[@CR19]--[@CR21]\]. These cutoff values for HbA1c were derived in part from outpatient studies and were based on populations of those not acutely ill at the time of testing. Silverman et al. suggested that in an acute-care setting such as the emergency department, an HbA1c of 5.7% was the optimal screening cutoff for prediabetes, and 6% was the optimal screening cutoff for diabetes \[[@CR22]\]. The South Korean health system does not permit the withdrawal of life-sustaining treatment (WLST) from patients; therefore, we did not use the collected data in the present study to make any decisions regarding the withdrawal of life support from any patient. However, do-not-resuscitate (DNR) orders are legal and socially acceptable. Therefore, if the family did not want to escalate treatment after the prognosis was determined, it was not performed.

TTM protocol {#Sec6}
------------

The postcardiac arrest care performed on the study subjects was based on the CPR guidelines from the American Heart Association and Korean CPR Association \[[@CR23], [@CR24]\]. To reach the target temperature, induction was started immediately after ROSC with ice packs and an automatic surface cooling device using hydrogel pads (Arctic Sun 5000, Medivance Inc., Louisville, CO, USA); the target temperature was 33 °C for 24 h, followed by 12 h of rewarming at the rate of 0.25 °C per hour. After reaching the target rewarming temperature of 36.8 °C, we continued normothermic TTM for an additional 36 h. We continuously infused midazolam (0.04--0.2 mg/kg/hr) and rocuronium (0.3--0.6 mg/kg/hr) to control shivering during the hypothermic period. All patients were admitted to the intensive care unit and received standard intensive care. The following clinical parameters were used to achieve hemodynamic optimization, ventilator management, and glucose management: SaO2 of 94 to 96%, PaCO2 of 35 to 45 mmHg, mean arterial pressure greater than or equal to 70 mmHg, urine output greater than or equal to 0.5 mL/kg per hour, and glucose level of 144 to 180 mg/dL. In addition, we monitored amplitude-integrated electroencephalography. If there was evidence of epileptic discharges, we administered anti-epileptic drugs (valproic acid, levetiracetam, clonazepam).

Data analysis {#Sec7}
-------------

This study was conducted in accordance with the Strengthening of the Reporting of Observational Studies in Epidemiology statement \[[@CR25]\].

As there were no preliminary data, we assumed that the group with HbA1c ≤6% would have twice as many patients as the group with HbA1c \> 6%, according to our clinical experience. We calculated the sample size to detect a difference between survival rates of 0.3 (HbA1c ≤6%) and 0.15 (HbA1c \> 6%). Finally, a total of 302 subjects were needed to achieve a power of 80% at a significance level of 0.01.

We present categorical variables as absolute numbers with percentages; these variables were compared with the chi-square test or Fisher's exact test. Continuous variables are presented as median values with interquartile ranges (IQR) and were compared with the Mann-Whitney U test because the continuous variables had nonparametric distributions.

We used the log-rank test to compare the survival rates between the group with HbA1c ≤6% and the group with HbA1c \> 6%. Kaplan-Meier analysis survival curves were generated to analyze 6-month survival.

A multivariate logistic regression analysis was used to assess the effects of the predictors. All variables with a significance level less than 0.01 according to univariate analysis and cardiac arrest characteristics (nonshockable rhythm, absence of witness, no bystander CPR, time to ROSC) were included in the multivariate logistic regression model. The goodness of fit of the model was evaluated by the Hosmer-Lemeshow test. The results of the logistic regression analysis are presented as odds ratios (ORs) and 95% confidence intervals (CIs). All of the statistical analyses were performed using MedCalc version 19.1.5. (MedCalc software, Mariakerke, Belgium). *P* values \< 0.01 were considered statistically significant (two-sided).

Results {#Sec8}
=======

Out of a total of 2386 OHCA patients who were admitted from December 2011 to December 2019, 1462 did not achieve ROSC. Of the remaining 924 patients, 622 patients were excluded because they did not receive hypothermic TTM or did not have available HbA1c results. Finally, 302 patients were included in the analysis. Of these patients, 102 patients (33.8%) had HbA1c levels higher than 6% (Fig. [1](#Fig1){ref-type="fig"}). There were no missing data on survival or neurological outcomes. Fig. 1Study flow diagram. ROSC = return of spontaneous circulation, HbA1c = glycated hemoglobin

Patients with HbA1c \> 6% were older than those with HbA1c ≤6% (*p* \< 0.001). They also had higher incidences of HTN (*p* \< 0.001), CVA (*p* = 0.004) and DM (*p* \< 0.001). Glucose levels were also significantly higher in the patients with HbA1c \> 6% than in the patients with HbA1c ≤6% (*p* \< 0.001). Glucose level variability was measured in the 237 patients who survived for 48 h, and patients with HbA1c \> 6% had a significantly higher glucose level variability than the patients with HbA1c ≤6% (*p* = 0.004) (Table [1](#Tab1){ref-type="table"}). Table 1Demographic and clinical characteristicsTotal\
(*n* = 302)HbA1c ≤6%\
(*n* = 200)HbA1c \> 6%\
(*n* = 102)*p*Demographic characteristics Male, *n* (%)207 (68.5)139 (69.5)68 (66.7)0.62 Age, years, median (IQR)61 (49--72)57.0 (45--70)67.5 (56--75)\< 0.001Underlying disease, *n* (%) Acute myocardial infarction17 (5.6)9 (4.5)8 (7.8)0.23 Previous cardiac arrest1 (0.3)1 (0.5)0 (0.0)1.00 Angina34 (11.3)20 (10.0)14 (13.7)0.34 Congestive heart failure20 (6.6)9 (4.5)11 (10.8)0.05 Hypertension123 (40.7)64 (32.0)59 (57.8)\< 0.001 Cerebrovascular accident23 (7.6)9 (4.5)14 (13.7)0.004 Diabetes mellitus75 (24.8)17 (8.5)58 (56.9)\< 0.001 Lung disease29 (9.6)20 (10.0)9 (8.8)0.84 Neurological disease21 (7.0)12 (6.0)9 (8.8)0.35 Renal disease27 (8.9)12 (6.0)15 (14.7)0.02 Liver cirrhosis5 (1.7)4 (2.0)1 (1.0)0.67 Malignancy17 (5.6)12 (6.0)5 (4.9)0.80Cardiac arrest characteristics Shockable rhythm, *n* (%)199 (65.9)127 (63.5)72 (70.6)0.25 Witnessed arrest, *n* (%)114 (37.7)81 (40.5)33 (32.4)0.21 Bystander CPR, *n* (%)147 (48.7)101 (50.5)46 (45.1)0.40 Anoxic time, min, median (IQR)30 (17--42)30 (17--43)30 (17--40)0.88Glucose-related variables Initial glucose level, mg/dL, median (IQR)240 (70--521)227 (72--414)274 (70--648)\< 0.001 Glucose level variability within 48 h, Δ glucose, median (IQR)140 (90--208)(*n* = 237)135 (81.5--187)(*n* = 164)154 (120.8--249.8)(*n* = 73)0.004Continuous variables are expressed as medians (interquartile ranges). *HbA1c* glycated hemoglobin, *IQR* interquartile range, *CPR* cardiopulmonary resuscitation, *ROSC* return of spontaneous circulation, *S100B* calcium-binding protein B

Figure [2](#Fig2){ref-type="fig"} shows that HbA1c \> 6% was associated with a decreased 6-month survival rate (\> 6 12.7% vs. ≤6 37.5%, *p* \< 0.001; Fig. [2](#Fig2){ref-type="fig"}a). Additionally, HbA1c \> 6% was associated with a worse 6-month neurological outcome (\> 6 89.2% vs. ≤6 73.0%, *p* = 0.001; Fig. [2](#Fig2){ref-type="fig"}b). Fig. 2Association of HbA1c with 6-month survival (**a**) and 6-month neurological outcomes (**b**). HbA1c = glycated hemoglobin

Kaplan-Meier analysis and the log-rank test showed that the survival time was significantly shorter in the group of patients with HbA1c \> 6% (30.54 days; 95% CI 19.14--71.68) than in the group of patients with HbA1c ≤6% (79.11 days; 95% CI 67.50--90.71) (Fig. [3](#Fig3){ref-type="fig"}). From the multivariable logistic regression, HbA1c \> 6% (*p* \< 0.001), a nonshockable rhythm (*p* \< 0.001), older age (*p* \< 0.001), and a longer anoxic time (*p* \< 0.001) were significantly associated with 6-month mortality. With regard to the 6-month neurologic outcome, HbA1c \> 6% (*p* = 0.009), a nonshockable rhythm (*p* \< 0.001), older age (*p* \< 0.001), and a longer anoxic time (*p* \< 0.001) were significantly associated with a poor neurologic outcome. The glucose level, previous illnesses (HTN, DM, CVA), the absence of a witness, and no bystander CPR were not statistically associated with 6-month mortality or neurological outcomes (Table [2](#Tab2){ref-type="table"}). Fig. 3Kaplan-Meier curve demonstrating reduced survival in patients with HbA1c \> 6% compared to those with HbA1c ≤6%. HbA1c = glycated hemoglobinTable 2Multivariable logistic regression analysis for 6-month mortality and poor 6-month neurological outcomes6-month mortalityPoor 6-month outcomeOR (95% CI)*p*OR (95% CI)*p*HbA1c \> 6%5.846 (2.26--15.12)\< 0.0014.180 (1.41--12.39)0.009Nonshockable rhythm5.204 (2.62--10.34)\< 0.0018.878 (4.11--19.16)\< 0.001Age1.060 (1.03--1.09)\< 0.0011.050 (1.02--1.08)\< 0.001Anoxic time1.077 (1.05--1.10)\< 0.0011.072 (1.04--1.10)\< 0.001Glucose1.001 (0.10--1.00)0.701.003 (0.10--1.01)0.12Hypertension0.434 (0.21--0.92)0.030.558 (0.25--1.25)0.16Diabetes mellitus0.817 (0.30--2.27)0.700.462 (0.14--1.49)0.20Cerebrovascular accident0.957 (0.29--3.19)0.941.218 (0.29--5.11)0.79No witness2.352 (1.09--5.07)0.032.816 (1.14--6.96)0.03No bystander CPR1.086 (0.53--2.21)0.820.885 (0.40--1.98)0.77*OR* odds ratio, *CI* confidence interval, *HbA1c* glycated hemoglobin, *ROSC* return of spontaneous circulation, *CPR* cardiopulmonary resuscitation

Discussion {#Sec9}
==========

This retrospective cohort study demonstrated that an HbA1c level higher than 6% in patients with OHCA was associated with increased 6-month mortality and a poor neurologic outcome after treatment with hypothermic TTM.

HbA1c measurement has become an integral tool for the diagnosis and management of DM. It also serves as a surrogate marker of glycemic control and is a key risk indicator for diabetes-associated microvascular and macrovascular complications and mortality. One study showed that patients with HbA1c ≥6.5% had a significant 2-fold higher risk of sudden cardiac arrest than those with lower levels, even after controlling for multiple cardiovascular disease risk factors \[[@CR26]\]. Kim et al. found that an HbA1c level greater than 8% at admission was significantly independently associated with early neurologic deterioration in patients with acute atrial fibrillation-related ischemic stroke \[[@CR13]\]. Another study suggested that elevated HbA1c levels higher than 6.5% were associated with new ischemic lesions in patients with acute ischemic stroke \[[@CR14]\].

There are several possible explanations for the association between HbA1c and outcomes. One study reported that the HbA1c level at ICU admission was associated with the progression of organ dysfunction and mortality in patients with sepsis \[[@CR27]\]. The HbA1c level reflects a patient's premorbid glycemic state during the preceding 3 months \[[@CR10]\]. A chronic hyperglycemic state can damage the endothelial glycocalyx; this is considered to be the primary mechanism responsible for vascular complications in patients with DM. Degradation of the glycocalyx alters endothelial barrier permeability and may thus cause damage to the microcirculation, which contributes to organ dysfunction \[[@CR28]--[@CR30]\]. Another study showed that HbA1c was a significant predictor of major adverse cardiac events after acute myocardial infarction (AMI) in nondiabetic patients \[[@CR31]\]. Glycemic control may contribute to the damage to vascular structures caused by a poor glycemic status. The mechanisms might include severe coronary endothelial dysfunction resulting from increased oxidative stress caused by high glucose levels, increased platelet adhesion that promotes venous thrombosis and enhanced inflammatory responses that cause the progression of atherosclerosis or vascular injury \[[@CR32]--[@CR35]\]. Furthermore, poor glycemic control can lead to an increased formation of advanced glycation end products, which can cause severe vascular damage \[[@CR32]\]. Therefore, HbA1c, which reflects metabolic control and embedded ongoing vascular injury or atherosclerosis, can be considered a reliable indicator of adverse outcomes in nondiabetic populations after AMI \[[@CR31]\]. It should be noted that glucose level variability was greater in patients with high HbA1c than in those with normal HbA1c. Previous studies have shown that hypothermia impairs glucose homeostasis, leading to increased glucose level variability \[[@CR7], [@CR16], [@CR17]\]. Moreover, increased glucose level variability is known to be a predictor of postcardiac arrest mortality and neurological outcomes \[[@CR7], [@CR17]\]. A high HbA1c level can lead to difficulty maintaining glycemic control under hypothermic TTM. Thus, clinicians should be aware of the HbA1c level and make an effort to reduce glucose level variability in patients with HbA1c levels higher than 6%.

This study should be interpreted with consideration of the following limitations. First, the HbA1c level can be influenced by other factors. The HbA1c level is affected by the blood glucose concentration, the duration of red blood cell (RBC) exposure to varying concentrations, and RBC quantity. In adults, HbA1c is often falsely low in patients with conditions that reduce the number of glycosylated RBCs, such as hemolysis, splenomegaly, chronic kidney disease, cirrhosis, and hemorrhage. Alternately, HbA1c levels are elevated in patients with conditions that result in decreased RBC turnover, such as iron- or vitamin B12-deficiency anemia \[[@CR36]--[@CR38]\]. Second, this study included patients with DNR orders. Although WLST is not allowed in South Korea, this study did not exclude patients with DNR orders, and such orders could have influenced decisions regarding withholding advanced treatment. Third, this study reflects the experience at a single institution, which may limit the generalizability of the results. However, our study included a large sample size over the course of 8 years. Fourth, this study was a retrospective study, which may have caused inevitable selection bias.

Conclusions {#Sec10}
===========

This study showed that an HbA1c level higher than 6% at the time of admission was associated with higher 6-month mortality and poor neurological outcomes in OHCA patients treated with hypothermic TTM. Long-term poor glycemic status before cardiac arrest might be related to the deterioration of the condition of the patients and poor glycemic control during hypothermic TTM. The HbA1c level can be considered a better indicator than the glucose level to facilitate the early detection of patients with potential adverse prognoses after OHCA. Additional prospective, multicenter studies are needed to confirm these findings.
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